How might this impact on clinical practice or future developments?
► Our results, together with previous studies in patients with early RA and recent mechanistic studies, support the mucosal origins hypothesis and the role of intestinal dysbiosis in the development of RA. ► Intestinal dysbiosis could act as an early environmental modulator and may be a target of future preventive interventions in individuals at risk of RA, before the onset of the disease.
AbsTRACT
Objectives Rheumatoid arthritis (Ra) has been associated with a relative expansion of faecal prevotellaceae. To determine the microbiome composition and prevalence of Prevotella spp. in a group of individuals at increased risk for Ra, but prior to the development of the disease.
Methods in an ongoing cohort study of first-degree relatives (FdRs) of patients with Ra, we identified 'FdR controls', asymptomatic and without autoantibodies, and individuals in pre-clinical Ra stages, who had either developed anticitrullinated peptide antibodies or rheumatoid factor positivity and/or symptoms and signs associated with possible Ra. stool sampling and culture-independent microbiota analyses were performed followed by descriptive statistics and statistical analyses of community structures. Results a total of 133 participants were included, of which 50 were categorised as 'FdR controls' and 83 in 'pre-clinical Ra stages'. The microbiota of individuals in 'pre-clinical Ra stages' was significantly altered compared with FdR controls. We found a significant enrichment of the bacterial family prevotellaceae, particularly Prevotella spp., in the 'pre-clinical Ra' group (p=0.04). Conclusions Prevotella spp. enrichment in individuals in pre-clinical stages of Ra, before the onset of Ra, suggests a role of intestinal dysbiosis in the development of Ra.
InTROduCTIOn
The aetiopathogenesis of rheumatoid arthritis (RA) is thought to result from a multistep process, where environmental factors induce a pathological activation of the immune system in susceptible individuals. 1 Recent studies have suggested that the initial steps of the pathological autoimmune response originate in mucosal sites, rather than in the joints. 2 Intestinal dysbiosis has been suggested to have a causal role in the pathogenesis of RA and has been shown to trigger arthritis development in genetically susceptible mice. [3] [4] [5] [6] Prevotella copri has been identified as highly enriched in the gut microbiota of patients newly diagnosed with RA and an increased immune response to this organism has been demonstrated in patients with RA suggesting a role of P. copri in the disease onset. [7] [8] [9] Sequence homology between RA-specific autoantigens and epitopes from proteins of P. copri have been reported, supporting the molecular mimicry hypothesis, although exact mechanisms remain uncertain. 8 Considering these observations, intestinal dysbiosis involving Prevotella spp. may be a risk factor for RA and a potential therapeutic target. However, to formally establish a causal role of intestinal dysbiosis in RA development, longitudinal studies prior to the onset of RA are required to demonstrate that the presence of Prevotella spp. precedes the development of RA. The aim of this study was thus to characterise the microbiota and determine the prevalence of Prevotella spp. in individuals during the pre-clinical phases of RA, before the development of clinically apparent RA.
MATeRIAls And MeTHOds study design and study population
First-degree relatives of patients with RA (RA-FDRs) have an increased risk of developing RA compared with the general population. 10 11 The SCREEN-RA study is an ongoing cohort study of RA-FDRs, comprising subjects without a diagnosis of RA at enrolment, described in detail elsewhere (online supplementary text). RA stages for statistical power reasons: (1) 'systemic autoimmunity associated with RA' defined by anticitrullinated protein autoantibodies positivity and/or rheumatoid factor (RF) positivity, 14 and/or (2) 'symptoms and signs associated with possible RA' as defined by the Connective Tissue Disease Screening Questionnaire with or without undifferentiated arthritis (see online supplementary text for details). [15] [16] [17] We included a control group, namely 'FDR controls', namely RA-FDRs without any autoantibodies or symptoms associated with possible RA.
Participants were contacted by telephone to explain the objectives of the study and invited to provide stool samples for microbiome analysis. We included individuals with complete clinical information at the time of the stool sampling. We excluded participants who had undergone antibiotic therapy within the last 3 months, with a known history of inflammatory bowel disease and/or gastrointestinal tract surgery. The protocol was approved by the ethics committee and all participants signed an informed consent before providing a stool sample.
sampling, dnA extraction and amplicon sequencing analysis to analyse the faecal microbiota
The DNA Genotek OMNIgene•Gut Stool Microbiome Kit was used to collect, store and ship the samples. 18 Stool samples processing and culture-independent analyses were performed. After DNA extraction, the variable region 4 (V4) region of the 16S rRNA gene was amplified using barcoded primers (F515/ R806) and sequencing was performed on an Illumina MiSeq as previously described 19 (details in the online supplementary text).
statistical analysis
Controls and individuals in pre-clinical stages of RA were matched by sex, age and tobacco at the sampling stage. Based on our a priori hypothesis, the primary outcome of the study was the prevalence of bacteria from the family of Prevotellaceae, particularly Prevotella spp. Based on the mucosal origins hypothesis of RA, 2 we postulated that the relative prevalence of Prevotellaceae in the stool of individuals in pre-clinical stages of RA would be increased compared with FDR controls. Statistical analyses of community structures were performed. We used linear discriminant analysis (LDA) effect size (LEfSe), an algorithm to compare the relative abundance of the different features between groups, as previously described. 19 20 We performed subgroup analyses, dividing the group of 'pre-clinical stages of RA' into 'systemic autoimmunity associated with RA' and 'symptoms and signs associated with possible RA'. We further explored the general characteristics association with Prevotellaceae abundance.
ResulTs study population
Among the 1067 RA-FDR participants in the SCREEN RA cohort, 183 (17%) were invited to provide stool samples, based on a priori inclusion criteria and the matching algorithm. A total of 133 RA-FDRs sent stool samples and could be analysed. General characteristics were balanced between the two groups (table 1) .
Microbiota analysis
The comparison of microbial diversity in the faecal microbiota within individuals and between individuals, that is, alpha and beta diversity, respectively, of the FDR control and the pre-clinical RA groups did not reveal significant differences (see online supplementary figures S1-S3). We used the LEfSe method to analyse potentially more specific differences in microbiota composition between FDR controls and individuals in the 'pre-clinical stages of RA'. 20 Indeed, we found statistically significant differences in the relative abundances of bacterial taxonomic groups between the participants in pre-clinical stages of RA development and FDR controls (figure 1, LDA score >2, p<0.05). The family Prevotellaceae was the group of bacteria with the highest LDA score and was significantly enriched in individuals in 'pre-clinical stages of RA' (LEfSe p=0.040).
In a subgroup analysis, the family Prevotellaceae was enriched particularly in participants with 'systemic autoimmunity associated with RA' compared with 'FDR controls' (online supplementary figure S4 ; LEFSe p=0.019), and no significant difference was found between individuals in the two groups of pre-clinical stages of RA (online supplementary figure S5 ), which allowed us to analyse them together.
We then specifically analysed the relative abundance of the family Prevotellaceae and associated taxa to evaluate whether all individuals of the pre-clinical RA phases display an enrichment of Prevotellaceae or whether an enrichment is observed only in some individuals ( figure 2 ). This analysis confirmed that a larger proportion of individuals within the pre-clinical RA group compared with FDR controls (53% vs 30 %) had significant levels of Prevotellaceae (>1%), but Prevotellaceae are not present in all individuals. The general characteristics of individuals with high relative abundance (>1%) of Prevotellaceae were not different compared with individuals with no Prevotellaceae or lower relative abundance, but for a higher prevalence of RF positivity (online supplementary table S2). Furthermore, besides P. copri, other Prevotella spp. in other operational taxonomic units contribute to the Prevotellaceae enrichment in 'pre-clinical RA' (online supplementary figure S6 ).
dIsCussIOn
The present study focused on the prevalence of Prevotella spp. in the stool of individuals at risk for RA during pre-clinical phases of the disease. The microbiota of individuals in pre-clinical RA stages was significantly altered compared with FDR controls. In particular, the relative abundance of bacteria of the Prevotellaceae family and associated taxa were enriched among individuals in pre-clinical stages of RA and differed significantly from controls, in particular in individuals with 'systemic autoimmunity associated with RA', which is consistent with the mucosal origins hypothesis of RA development. 2 A previous study analysed the microbiome of faecal samples of American patients with new-onset untreated RA and detected high abundance (>5%) of P. copri in 75% (33 of 44) compared with only 21.4% (6 of 28) of healthy individuals. 9 This finding was not replicated in a study involving Chinese patients with RA. 21 Cross-sectional studies in patients with RA do not allow making causal inferences, as this association could be due to differences in behaviours between patients and controls. Our study describes an increased relative abundance in Prevotella spp. in individuals in 'pre-clinical RA stages', using participants enrolled in a FDR-RA cohort. While this is still not a longitudinal study, the demonstration of a larger proportion of individuals in pre-clinical stages of RA with a significant abundance of Prevotellaceae strengthens the case for an involvement of Prevotella spp. in the RA aetiopathogenesis. However, longitudinal studies are needed to determine the specific role of intestinal dysbiosis and whether P. copri or other Prevotella spp. trigger systemic autoimmunity or drives the development of symptoms associated with RA.
Our study had limitations. The demonstration of a specific immune response against P. copri during pre-clinical stages would have strengthened our findings. In patients with RA, an increased humoral and Th1 cellular immune response against P. copri has been demonstrated. 7 8 The microbiome study of the family members with RA and a replication of our results in a new-onset RA population would have further reinforced internal consistency. Our results, together with previous studies in patients with established RA and recent mechanistic studies, support the mucosal origins hypothesis and the role of Prevotella spp. dysbiosis in RA development.
In conclusion, we demonstrated that individuals at risk for RA with systemic autoimmunity and/or symptoms associated with RA have an enrichment of Prevotella spp. compared with FDR controls. Our findings support the mucosal origins hypothesis in the development of RA. Intestinal dysbiosis could act as an early environmental modulator and may be the target of future preventive interventions.
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